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STATEMENT  OF  THE  PROBLEM  STUDIED 


The  objectives  of  this  research  are  (a)  to  develop  novel  polymeric  damping  composites  through 
distributing  carbon  nano  tubes  (CNTs)  within  the  host  polymer,  and  (b)  to  investigate  the 
damping  characteristics  of  such  new  composites.  We  aim  to  obtain  good  understanding  and 
insight  of  this  innovative  approach  and  provide  guidelines  for  future  research  possibilities. 

SUMMARY  OF  THE  MOST  IMPORTANT  RESULTS 

The  major  achievements  are  described  in  the  following  paragraphs. 

(1)  Modeling  and  analytical  efforts  for  damping  characterization  of  CNT-based  composites 
The  objective  of  this  sub-task  aims  at  the  development  of  a  constitutive  model  to  describe  the 
mechanism  of  energy  dissipation  for  polymeric  composites  distributed  with  single-walled  carbon 
nanotubes. 

Because  of  their  ultra  small,  nanometer  scale  size  and  low  density,  the  surface  area  to  mass  ratio 
(specific  area)  of  carbon  nanotubes  is  extremely  large.  Therefore,  in  a  nanotube-based 
polymeric  composite  structure,  it  is  anticipated  that  high  damping  can  be  achieved  by  taking 
advantage  of  the  interfacial  friction  between  the  nano  tubes  and  the  polymer  resins.  In  addition, 
the  CNT’s  large  aspect  ratio  and  high  elastic  modulus  features  allow  for  the  design  of  such 
composites  with  large  differences  in  strain  between  the  constituents,  which  could  further 
enhance  the  interfacial  energy  dissipation  ability.  Most  of  the  investigations  to  date  on  carbon 
nanotube-based  composites  have  focused  on  their  electrical  properties,  strength,  and  modulus. 
Despite  their  wonderful  engineering  potential,  the  damping  properties  of  CNT-based  composites 
have  not  been  examined  in  any  detail. 

To  address  nanometer-scale  load  transfer  behavior  at  the  interfaces  between  the  nanotubes  and 
polymer,  the  atomic  level  “stick-slip”  model  is  used  to  describe  the  load  transfer  behavior 
between  the  nanotube  and  the  matrix,  as  well  as  the  characteristics  of  strain-dependent  energy 
dissipation.  The  friction  law  is  characterized  by  a  critical  shear  stress,  which  is  a 
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macromechanical  characterization  of  molecular  interactions.  This  critical  value  separates 
material  systems  into  two  different  regions:  an  energy-conservative  region  for  perfect  bonding, 
and  an  energy-dissipative  region  due  to  incremental  sliding  of  nanotubes.  Through  utilizing  the 
developed  model,  parametric  study  results  are  obtained  (Figure  1).  It  is  observed  that  with  small 
defonnation  (strain),  damping  increases  with  increasing  strain.  This  is  due  to  the  growing  area 
of  debonded  interface  in  this  strain  range.  After  reaching  a  maximum  value,  the  damping  loss 
factor  decreases  because  most  of  the  additional  input  energy  at  higher  applied  strain  is  being 
stored  in  the  matrix  instead  of  being  dissipated  at  the  interface.  Therefore,  it  is  concluded  that 
maximum  damping  effects  can  be  obtained  within  a  certain  strain  range.  It  is  also  shown  that 
maximum  damping  effects,  indicated  by  the  peak  values  of  loss  factor  in  Figure  1,  increase  with 
the  magnitude  of  critical  bonding  stress  and  nanotube  volume  ratio.  Since  the  choice  of 
polymeric  matrix  material,  nanotube  surface  treatment,  and  composite  manufacturing  process 
can  have  significant  effects  on  the  critical  bonding  stress,  the  possibility  exists  for  achieving 
optimal  structural  damping  performance  through  the  design  of  different  nanotube-based 
composites. 

(2)  Composite  fabrication  and  experimental  efforts 

The  objective  of  this  sub-task  is  to  develop  carbon  nanotube  epoxy  composites,  experimentally 
evaluate  damping  characteristics  of  the  composites,  and  verify  the  analytical  predictions. 
Composite  specimens  are  prepared  with  the  nano  tube  weight  ratio  ranging  from  0.5%  to  3%.  An 
ultrasonic  agitation  procedure  is  applied  to  enhance  the  nanotube  dispersion  and  surfactant  is 
added  to  improve  bonding  between  the  nanotubes  and  the  matrix  material.  Figure  2  shows 
scanning  electron  microscope  photos  of  fracture  surfaces  of  the  composites.  The  fine  light 
colored  lines  are  so-called  “ropes”  of  nanotubes  consisting  of  parallel  arrays  of  up  to  several 
dozen  individual  nanotubes  in  cross-section.  Damping  characteristics  of  the  specimens  are 
experimentally  investigated  utilizing  a  cantilever  composite  beam  specimen.  An  impulse  is 
applied  at  the  free  end  of  the  cantilever  beam  and  a  transient  response  is  measured  using  an 
accelerometer.  The  logarithmic  decrement  method  is  used  to  derive  the  specimen  damping  ratio 
value.  By  examining  the  test  data  from  specimens  with  (Figure  3b)  and  without  (Figure  3a) 
nanotubes,  it  is  clear  that  adding  nanotubes  enhances  the  damping  characteristics  of  the 
composite  structure  significantly.  It  is  also  illustrated  that  the  damping  ratio  of  specimens  with 
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nanotubes  depends  on  the  strain  (deformation)  of  the  composite,  with  trends  similar  to  those 
predicted  by  the  analytical  model  (Figure  3b),  showing  the  validity  of  the  model  and  the 
analytical  predictions. 


Loss  factor  Loss  factor 


(a)  Critical  bonding  stress  0.2  MPa  (b)  Critical  bonding  stress  0.8  MPa 

Figure  1.  Loss  factors  with  change  in  volume  ratio,  strain  and  bond  strength. 


(a)  1  %  nanotube  weight  ratio 


(b)  3%  nanotube  weight  ratio 


Figure  2.  SEM  photos  of  fractured  epoxy/carbon  nanotube  composites 
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Damping  Ratio 
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Figure  3.  Comparison  of  damping  (  •  :Test  results.  — “  [Analytical  results) 
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